Introduction
The whole-breast radiation therapy (WBRT) is important delivery to target with uniformity dose through an appropriately correcting for unequal dose distribution due to the irregular surface. Typically, treatment methods are the three-dimensional conformal radiotherapy (3D-CRT) using opposed tangential beams while avoiding the contralateral breast (CB) and minimizing dose to the normal organs such as the lung, heart, and liver. The intensity-modulated radiation therapy (IMRT) also can use to improve dose distributions compared with 3D-CRT while showing a clinical benefit. 1, 2) Tomotherapy (Accuray Inc., Sunnyvale, CA) combines a linear accelerator (LINAC), and achieved by the use of a gantry head with a 360° rotating and couch motion that the possibility to deliver IMRT with megavoltage computed tomography (MVCT) imaging system. Radiation delivering by gantry rotation is not appropriate in WBRT because of increasing delivered volume to the normal organs. However, TomoDirect (TD) uses the fixed-beam treatments on a Tomotherapy unit platform that enables IMRT option as well as 3D-CRT for various diseases. [3] [4] [5] [6] The image-guided radiation therapy (IGRT) by using MVCT scans provides an opportunity to improve the accuracy and reproducibility of tumor targeting while reducing the patient setup errors during the treatment. It is only possible that the adjustment can be translational directions (medio-lateral; X, superior-inferior; Y, and anterior-posterior; Z) and rotational angle (axis of Y; roll). However, correction of the axis of X (pitch) and Z (yaw) angles are impossible due to couch limitations with similar properties like CT platform. [7] [8] [9] The patient setup variations by occurred the translational and rotational displacement can cause the geometric uncertainty during the treatment. Kaiseret et al. 8) has analyzed the rotational errors for patients with the head and neck cancer, and reported that the rotational setup errors have effect depend on the couch hardware design in Tomotherapy. Boswell et al. 7) has suggested the methods to correct by lateral moving technique with Tomotherapy couch. Moreover, several studies on the dosimetric impact of uncorrected setup errors, respiratory, and inter-or intra-fraction motion have been performed in WBRT. [10] [11] [12] [13] [14] It is true that small errors of patient setup affect to the actual delivered dose during the course of the treatment.
In particular, it is necessary to verify the treatment iso-center and perceiving trend of the patient specific setup contain the translational and rotational adjustments in WBRT using TD. However, daily MVCT scans is not easy to performing due to increasing dose to the patient and machine time in 
Materials and Methods
We selected a total of 20 patients with the whole breast cancer previously treated using TD 3D-CRT. Right, left, and both breasts were treated in sixteen, four, and one patient, MVCT image set was retrospectively analyzed in this study.
Evaluation of the patient setup errors was divided into two procedures in this study. First, the translational directions and roll angles were recorded, and calculated a mean (M), systematic (Σ), and random errors (σ) for population patients based on the methodology introduced by van Herk. 15) Here, the systematic error is equal to the standard deviation of the patientspecific systematic errors, and random is determined by calculating the root-mean-square (RMS) of the random setup errors for each patient. We also calculated the treatment setup margin (mm). Next, the rotational errors (roll, pitch, and yaw) were analyzed by using the automatic image registration as well as translations. However, the automatic image registration procedure can be applying different control parameters depending on the density value (g/cm 3 ) and resolution (pixel). For the de- 16) We demonstrated that a combination of the full image and standard resolution function has smaller than another, therefore, were used to reduce the deviations for each patient in this study.
We also analyzed the coefficient of correlation between the translational and rotational adjustments by using Pearson's product-moment coefficient, and the independent t-test was conducted to find the significant difference location of breast cancer at a level of P＜0.05.
Results and Discussion
The present study was to analyze the patient setup errors and rotation errors for a total of 20 patients with the whole breast cancer treated using TD 3D-CRT. A total of 80 MVCT image set was analyzed, and an average of MVCT scan length was 234.7 mm in this study. Table 1 to account for variations in size, shape, and the CTV. 9, 15) The setup margin formulas used the systematic and random errors.
Multiple factors, including treatment goals, tumor stages, tumor/ normal tissue locations, immobilization technique, and confidence level, should be considered before treatment planning and during the treatment. 9) In our study, Y and Z directions were higher than at X. Moreover, the maximum displacements at X, Y, Z, and Roll were 3.9 mm, -7.9 mm, 6.7 mm, and 1.5°, respectively. For a variation of Z direction, we estimate due to the effect of couch sagging between CT simulation and treatment couch. In our institution, this difference was about 4 mm in verified the mechanical QA for couch travel. Therefore, the couch sagging should be considered when higher than usual condition during treatment.
The respiratory motion has affected to uncertainty of patient setup errors and the dosimetric impact during treatment. Furuya et al. 14) has been evaluated the dosimetric impact of respiratory breast motion and daily setup error by a different technique in WBRT, and reported that the dosimetric impact was largest at the anterior-posterior directions (i.e. Y direction). TD 3D-CRT is no more complex than irregular surface compensator (ISC) and IMRT for whole breast cancer. However, the treatment result finally can be different whether recognizing of small variations depends on the respiratory motion, treatment machine feature, and patient positioning. In particular, immobilization devices important because of that the varying arm position on the device has affected to daily varying at overall directions. Jassal K, et al. 17) has been compared the setup uncertainties between two different immobilization methods, vacuum cushion and standard breast board, by cone beam computed tomography (CBCT) scan data. They reported no significantly different between the two methods with respect to the patient setup errors, and commented the specific patients such as very bulky and obese conditions. Table 2 shows the variation of translational directions and rotational angles through analyzed by using the automatic image registration. The mean of roll, pitch, and yaw were 0.3°, 0.5°, and 0.1°, respectively. The systematic and random errors were mostly less than 1.0°. The variation was smaller than that we expected in the designing our study. However, the maximum displacement in roll, pitch, and yaw were 3.5°, 2.2°, and 3.0°, respectively. We suppose that error was probably caused by inappropriate patient positioning with varying arm position or the patient has the tension during treatment.
The rotational variation has previously been described. 7, 8) In head and neck cancer, 96.6% of the rotational corrections were less than 4° by Kaiser et al. 8) It seems that these variations are very larger than our results. Fig. 1 shows the distribution in treatment fractions (%) of the rotation errors. These roll, pitch, and yaw with 0≤1° were 62.6%, 81.3%, and 77.5%, respectively. 1-2° were 32.5%, 17.5%, and 20.0%. 2°＞ were 5.0%, 1.3%, and 2.5. However, Kaiser et al. 8) commented that if roll is and a 15-cm target is centered on the origin of the coordinate system, then the resultant positional variation at the edge of the target is about 4 mm. In our study, the target length was less than about 234.7 mm as MVCT scan length.
When the target length (i.e., 234.7 mm) has applied at 1° and 2°, these errors at the edge of the target are about 1 mm and 2 mm, respectively. As a consequence, the distribution in treatment fractions in less than 2° at roll, pitch, and yaw are 95.1%, 98.8%, and 97.5%, respectively. Our results have
shown smaller variation compared with by Jain et al. 11) They reported that the rotations ＞2° in any axis occurred on 53/106 (50%) occasions.
11)
A correlation between the translational and rotational errors is shown in Table 3 
Conclusion
We analyzed the rotational errors in roll, pitch, and yaw of the WBRT using TD 3D-CRT. Overall, the rotational errors were small compared with other studies. Finally, confirming periodically the rotational errors will be help in WBRT using TD 3D-CRT.
